
Harold G. Kirk
Brookhaven National Laboratory

Solenoid Focus of Pions for Superbeams

ISS Machine Meeting 

Princeton

July 27, 2006



Harold G. Kirk

The Horn Bench Mark

Horn 1: Length =2.2m Horn 2: Length =1.6m

J. Heim, M. Bishai, B. Viren BNL

∆L Horn 2-Horn 1 =10m



Harold G. Kirk

Proton Beam/Target Input

Carbon Rod:  
L = 80cm
R =  6 mm
ρ = 2.2 g/cm3

Proton Beam:
KE = 60 GeV
σX = σY = 2mm rms

Model:
MARS 14
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The Neutrino Flux at 1300km
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Neutrino Factory Target Concept

The Field Taper

At Z=0m
Bz =20T
Bore = 15cm

At Z=20m
Bz =1.75T
Bore =60cm
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Solenoid without Taper
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Solenoid as a Point to Parallel Lens

K.T. McDonald, A Neutrino Horn Based on a Solenoidal Lens,  MUCOOL Tech Note 282
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Varying the Length of the Solenoid
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Broaden the Focal Momenta

 0

 5

 10

 15

 20

 0  5  10  15  20

M
ag

ne
tic

 F
ie

ld
 B

z,
 T

Axial Length, m

3m/30m Solenoid Field

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 1.6

 0  2  4  6  8  10  12

N
eu

tr
in

os
/2

00
M

eV

Neutrino Energy, GeV

60GeV Proton Beam Stepped Taper

Num
Anum

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 0  1  2  3  4  5  6  7  8  9  10

F
in

al
 P

t/I
ni

tia
l P

t

Ptot, GeV/c

Stepped Taper

Pt Ratio at 80m



Harold G. Kirk

Taper for Wide Band Collection
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Transverse Momentum Considerations

For π µν <PT> is  23.4 MeV

For BZ = 20T and RMax = 7.5cm   PT Max = 225 MeV and <PT> is ~ 200 
MeV

For BZ = 1.25T and RMax = 30cm    <PT> is ~ 50 MeV

Need to reduce field and increase Bore diameter further, 

For BZ = 0.078T and RMax = 120cm    <PT> is ~ 12.5 MeV
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Broadband Low Energy Capture
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Compare Horn/Solenoid Neutrino Fluxes

 0

 2e-05

 4e-05

 6e-05

 8e-05

 0.0001

 0.00012

 0  2  4  6  8  10

N
eu

tr
in

os
/G

eV
/m

**
2/

P
O

T
 a

t 1
km

Neutrino Energy, GeV

Horn and Solenoid Collection

60 GeV Proton Beam

Solenoid
Horn

 1e-08

 1e-07

 1e-06

 1e-05

 0.0001

 0  5  10  15  20

N
eu

tr
in

os
/G

eV
/m

**
2/

P
O

T
 a

t 1
km

Neutrino Energy, GeV

Horn and Solenoid Collection

60 GeV Proton Beam

Solenoid
Horn

Neutrino “Pointlike” Fluxes scaled to 1km


	Solenoid Focus of Pions for Superbeams
	The Horn Bench Mark
	Proton Beam/Target Input
	The Neutrino Flux at 1300km
	Neutrino Factory Target Concept
	Solenoid without Taper
	Solenoid as a Point to Parallel Lens
	Varying the Length of the Solenoid
	Broaden the Focal Momenta
	Taper for Wide Band Collection
	Transverse Momentum Considerations
	Broadband Low Energy Capture
	Compare Horn/Solenoid Neutrino Fluxes


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


